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DESCRIPTION 

Title of Invention 

METHOD FOR RECOVERING VALUABLE MATERIALS FROM LITHIUM ION 

SECONDARY BATTERY 

5 

Technical Field 

[0001] 

The present invention relates to a method for recovering a 

valuable substance from, for example, positive electrode current 

collectors, negative electrode current collectors, and positive 10 

electrode active substances of defective products generated in 

the production process and of lithium ion secondary batteries 

discarded due to, for example, expired life of both the 

batteries and the devices in which they are used. 

15 

Background Art 

[0002] 

Lithium ion secondary batteries have a lighter weight, a 

higher capacity, and a higher electromotive force than those of 

existing lead-acid batteries and NiCd secondary batteries, and 20 

are used as secondary batteries of, for example, personal 

computers, electric vehicles, and portable devices.  For example, 

valuable substances such as cobalt and nickel are used in the 

positive electrodes of lithium ion secondary batteries in the 

form of, for example, lithium cobaltate (LiCoO2) and a ternary 25 

system positive electrode material (LiNixCoyMnzO2 (x+y+z=1)). 

[0003] 
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Lithium ion secondary batteries are expected to continue to 

become more widespread in use.  Therefore, in terms of resource 

recycling, it is desirable to recover valuable substances from 

defective products generated in the production process or from 

lithium ion secondary batteries discarded due to, for example, 5 

expired life of the batteries and of the devices in which they 

are used.  When recovering valuable resources from lithium ion 

secondary batteries, it is important to recover various metals 

used in the lithium ion secondary batteries separately from each 

other, in order to increase the value of the substances 10 

recovered. 

[0004] 

As techniques for recovering valuable substances from 

lithium ion secondary batteries, techniques of recovering 

aluminum and copper from pulverized products of thermally 15 

treated products of lithium ion secondary batteries have been 

proposed.  For example, PTL 1 discloses a method of heating 

lithium ion secondary batteries at a temperature of from 600°C 

through 1,050°C, pulverizing the resulting product, sieving the 

obtained pulverized products, and subjecting a pulverized 20 

product having a size of from 1.0 mm through 10.0 mm to shape 

sorting using an airflow, to thereby recover aluminum as a heavy 

product and copper as a light product.  Copper can be recovered 

as a light product because copper exists in the lithium ion 

secondary batteries in the form of copper foils.  It is possible 25 

to obtain the pulverized product having a size of from 1.0 mm 

through 10.0 mm by performing a step of removing a product 
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having a size less than 1.0 mm and a product having a size 

greater than 10.0 mm from all the pulverized products obtained 

by pulverization. 

Citation List 5 

Patent Literature 

[0005] 

PTL 1: Japanese Patent (JP-B) No. 6378502 

Summary of Invention 10 

Technical Problem 

[0006] 

When lithium ion secondary batteries are thermally treated 

and then pulverized and classified, metals derived from exterior 

containers and exterior components, such as iron and aluminum, 15 

and metals derived from current collectors, such as copper are 

recovered into a coarse-grained product obtained through the 

classification.  Cobalt and nickel are concentrated in a fine-

grained product. 

Meanwhile, aluminum derived from aluminum foils of positive 20 

electrode current collectors is also contained in the coarse-

grained product.  According to the method of PTL 1, a certain 

amount of this aluminum (which is considered to exist mainly in 

the form of aluminum oxide) is also recovered into the light 

product that mainly contains copper and is obtained by 25 

subjecting the pulverized product having a size of from 1.0 mm 

through 10.0 mm to shape sorting.  Therefore, the copper grade in 
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the light product is low.  Moreover, the shape sorting of PTL 1 

is a dry process.  Soluble components (e.g., fluorine and 

lithium, which are representative elements contained in 

electrolytes), if any, are recovered into the light product.  

Therefore, an extraction process using water is also necessary 5 

to separate these soluble components, and this increases the 

number of steps involved. 

Furthermore, shape sorting, which uses an airflow and 

imposes almost no physical force on the pulverized product, has 

been achieving a poor performance in separating carbon (which is 10 

contained as, for example, a negative electrode active substance 

of the lithium ion secondary batteries) and copper from each 

other. 

Under these effects, the method of PTL 1 has been having 

difficulty separating and recovering copper that satisfies the 15 

qualities required for being recycled.  Here, “copper that 

satisfies the qualities required for being recycled” represents 

copper that has, for example, a copper grade of 90% or higher 

(which means that the content percentage of copper is 90% or 

higher, the same applies to the “grades” of other elements 20 

hereinafter), an aluminum grade of 1% or lower, a carbon grade 

of 5% or lower, and a fluorine grade of 0.2% or lower. 

[0007] 

In addition to the technique described in PTL 1, use of, 

for example, eddy current sorting has also been known in order 25 

to separate and recover copper and aluminum that are contained 

in the coarse-grained product obtained by thermally treating, 
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pulverizing, and classifying lithium ion secondary batteries.  

However, both of these methods have been unable to separate and 

recover copper that satisfies the qualities required for being 

recycled (e.g., a copper grade of 90% or higher, an aluminum 

grade of 1% or lower, a carbon grade of 5% or lower, and a 5 

fluorine grade of 0.2% or lower).  Moreover, as a result of 

studies into effects that fluorine and carbon have on recovered 

products of copper in addition to the bad effect of reducing the 

copper grade, the present inventors have found it important to 

separate carbon and fluorine because carbon causes problems such 10 

as dust generation during recycling of copper and fluorine gives 

a load on exhaust gas processing during recycling of copper as a 

smelted material. 

[0008] 

The present invention is based on the finding described 15 

above, and aims for solving the above-described various problems 

in the related art and achieving an object described below.  That 

is, it is an object of the present invention to provide a method 

that can recover copper from lithium ion secondary batteries 

containing aluminum, carbon, and copper foils as the 20 

constituting materials through a small number of steps at a high 

grade, and a low aluminum grade, a low fluorine grade, and a low 

carbon grade. 

Solution to Problem 25 

[0009] 

Means for solving the above problems are as follows. 
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<1> A method for recovering a valuable substance from a lithium 

ion secondary battery, the method including: 

a thermal treatment step of thermally treating a lithium 

ion secondary battery containing aluminum, carbon, and a copper 

foil as constituting materials; and 5 

a wet sorting step of applying an external force to a 

thermally treated product obtained in the thermal treatment step 

in the presence of a liquid, to sort the thermally treated 

product into a heavy product and a light product containing 

copper. 10 

<2> The method for recovering a valuable substance from a 

lithium ion secondary battery according to <1>, further 

including: 

a classifying step of classifying the thermally treated 

product obtained in the thermal treatment step at a 15 

classification point of from 0.6 mm through 2.4 mm, 

wherein a coarse-grained product thus obtained at a coarse 

side is subjected to the wet sorting step. 

<3> The method for recovering a valuable substance from a 

lithium ion secondary battery according to <1> or <2>, 20 

wherein in the wet sorting step, the thermally treated 

product or the coarse-grained product is placed on a net-shaped 

object, and vibration is applied to the net-shaped object or the 

liquid, to sort materials constituting the thermally treated 

product or the coarse-grained product into the heavy product and 25 

the light product containing copper. 

<4> The method for recovering a valuable substance from a 
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lithium ion secondary battery according to <3>, 

wherein in the wet sorting step, the vibration applied to 

the net-shaped object or the liquid is in a vertical direction. 

<5> The method for recovering a valuable substance from a 

lithium ion secondary battery according to <3> or <4>, 5 

wherein in the wet sorting step, a vibration speed at which 

the vibration is applied to the net-shaped object or the liquid 

is from 1 mm/s through 1,000 mm/s, and a time needed for the 

vibration to make one go-and-return is from 0.1 seconds through 

5 seconds. 10 

<6> The method for recovering a valuable substance from a 

lithium ion secondary battery according to any one of <3> to 

<5>, 

wherein a mesh size of the net-shaped object is from 0.1 mm 

through 50 mm. 15 

<7> The method for recovering a valuable substance from a 

lithium ion secondary battery according to any one of <1> to 

<6>, 

wherein the lithium ion secondary battery contains 

fluorine. 20 

<8> The method for recovering a valuable substance from a 

lithium ion secondary battery according to any one of <1> to 

<7>, 

wherein the light product obtained by sorting in the wet 

sorting step has a copper grade of 90% or higher, a carbon grade 25 

of 5% or lower, and a fluorine grade of 0.2% or lower. 

<9> The method for recovering a valuable substance from a 



8

lithium ion secondary battery according to any one of <1> to 

<8>, 

wherein the light product obtained by sorting in the wet 

sorting step has an aluminum grade of 1% or lower. 

<10> The method for recovering a valuable substance from a 5 

lithium ion secondary battery according to any one of <2> to 

<9>, further including: 

a pulverizing step of pulverizing the thermally treated 

product obtained in the thermal treatment step, 

wherein a pulverized product thus obtained is subjected to 10 

the classifying step. 

<11> The method for recovering a valuable substance from a 

lithium ion secondary battery according to any one of <2> to 

<10>, further including: 

a magnetic force sorting step of sorting the thermally 15 

treated product obtained in the thermal treatment step or the 

coarse-grained product obtained at the coarse side in the 

classifying step by a magnetic force, 

wherein the coarse-grained product from which a 

magnetically attractable material is removed is subjected to the 20 

wet sorting step. 

<12> The method for recovering a valuable substance from a 

lithium ion secondary battery according to any one of <1> to 

<11>, 

wherein a thermal treatment temperature in the thermal 25 

treatment step is 660°C or higher and 1,100°C or lower. 

<13> The method for recovering a valuable substance from a 



9

lithium ion secondary battery according to any one of <1> to 

<12>, 

wherein the wet sorting step is performed using a jig 

sorter. 

5 

Advantageous Effects of Invention 

[0010] 

According to the present invention, it is possible to solve 

the various problems in the related art and to recover copper at 

a high copper grade, and at a low aluminum grade, a low fluorine 10 

grade, and a low carbon grade when recovering a valuable 

substance from a lithium ion secondary battery. 

Brief Description of Drawings 

[0011] 15 

[FIG. 1A」 FIG. 1A is a concept diagram illustrating an example 

of a state when a coarse-grained product is sorted in a liquid 

using a sorting unit in a wet sorting step; 

[FIG. 1B」 FIG. 1B is a concept diagram illustrating an example 

of a state after non-magnetically attractable materials are 20 

sorted in a liquid using a sorting unit in a wet sorting step; 

[FIG. 2」 FIG. 2 is a flowchart indicating a method for 

recovering a valuable substance of the present invention; and 

[FIG. 3」 FIG. 3 is a captured image representing an appearance 

of a wet jig sorter used in Example 1. 25 

Description of Embodiments 
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[0012] 

(Method for recovering valuable substance) 

A method for recovering a valuable substance of the present 

invention includes a thermal treatment step and a wet sorting 

step, preferably includes at least one selected from a 5 

classifying step, a pulverizing step, and a magnetic force 

sorting step, and further includes other steps as needed. 

[0013] 

The method for recovering a valuable substance of the 

present invention is based on the present inventors’ following 10 

finding.  According to the existing technique, when thermally 

treating lithium ion secondary batteries (LIB) and recovering 

valuable substances such as copper from the lithium ion 

secondary batteries, there is a case where it is impossible to 

separate the valuable substances from fluorine and carbon with 15 

high accuracy, and the grades of the valuable substances sorted 

are not sufficient. 

[0014] 

More specifically, as described above, the existing 

technique recovers copper and aluminum from lithium ion 20 

secondary batteries by obtaining a light product and a heavy 

product by shape sorting (specific gravity sorting) using an 

airflow.  However, because being a dry sorting method, shape 

sorting (specific gravity sorting) using an airflow cannot 

separate components soluble in a liquid (e.g., fluorine) from 25 

the light product, and cannot easily separate carbon adhering to 

copper from copper, either.  As can be seen, the present 
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inventors have found the above-described existing technique 

problematic not only in that the copper grade in the light 

product is low, but also in that carbon causes, for example, 

dust generation during recycling of copper and fluorine is a 

load on exhaust gas processing during recycling of copper as a 5 

smelted material. 

That is, the present inventors have found that the above-

described existing technique cannot recover a valuable substance 

that satisfies the qualities required for recycling of lithium 

ion secondary batteries (when the valuable substance is copper, 10 

the required qualities include, for example, a copper grade of 

90% or higher, a carbon grade of 5% or lower, and a fluorine 

grade of 0.2% or lower), and cannot sort and recover a valuable 

substance that can be suitably used for recycling as a raw 

material for the material to be smelted. 15 

In addition to the above-described existing technique 

employing shape sorting (specific gravity sorting) using an 

airflow, for example, there is also a technique of performing 

eddy current sorting, in order to separate and recover copper 

and aluminum that are contained in a coarse-grained product.  20 

However, the present inventors have found that eddy current 

sorting, which is a dry sorting method, cannot sufficiently 

separate and sort copper from, for example, aluminum, fluorine, 

and carbon, and cannot recover copper that satisfies the 

qualities required for recycling of lithium ion secondary 25 

batteries (the required qualities include, for example, a copper 

grade of 90% or higher, a carbon grade of 5% or lower, and a 
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fluorine grade of 0.2% or lower). 

[0015] 

The present inventors have conceived the present invention 

through earnest studies into a method for recovering a valuable 

substance, the method being able to highly accurately separate 5 

fluorine and carbon from a valuable substance contained in 

lithium ion secondary batteries, and to sort copper at a high 

grade. 

That is, the present invention is intended to recover 

copper at a high grade and at a low aluminum grade, a low 10 

fluorine grade, and a low carbon grade from valuable substances 

contained in a lithium ion secondary battery, by including, for 

example, a thermal treatment step of thermally treating a 

lithium ion secondary battery containing aluminum, carbon, and a 

copper foil, and a wet sorting step of applying an external 15 

force to a thermally treated product of the lithium ion 

secondary battery obtained in the thermal treatment step in the 

presence of a liquid, to thereby sort the thermally treated 

product into a heavy product and a light product mainly 

containing copper. 20 

[0016] 

Here, the method for recovering a valuable substance from a 

lithium ion secondary battery of the present invention thermally 

treats a lithium ion secondary battery containing valuable 

substances first (thermal treatment step).  Then, the method 25 

applies an external force to the thermally treated product of 

the lithium ion secondary battery obtained in the thermal 
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treatment step in the presence of a liquid, to thereby sort the 

thermally treated product into a heavy product and a light 

product containing copper (wet sorting step).  In other words, in 

the present invention, by application (imposition) of an 

external force to a coarse-grained product in the presence of a 5 

liquid, the coarse-grained product is sorted based on specific 

gravity or shape, to obtain a heavy product and a light product 

containing copper.  For example, the light product mainly 

contains copper. 

[0017] 10 

Hence, in the present invention, a coarse-grained product 

is sorted by a wet process using a liquid in the wet sorting 

step.  Therefore, liquid-soluble substances contained in the 

coarse-grained product, such as fluorine and lithium, can be 

separated into the liquid (for example, the substances can be 15 

leached into the liquid and separated into the post-process 

liquid (shaking liquid)).  As a result, it is possible to reduce 

the content (grade) of fluorine in the heavy product and the 

light product that are to be separated from each other.  More 

specifically, for example, it is possible to reduce the content 20 

(grade) of fluorine in copper recovered as the light product, 

and to sort and recover high-grade copper. 

[0018] 

Moreover, in the present invention, an external force is 

applied to the thermally treated product in the presence of a 25 

liquid, to sort the thermally treated product in the wet sorting 

step.  Under application of the external force, the thermally 
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treated product is dispersed in the liquid, and the coarse-

grained product is sorted based on specific gravity and shape.  

For example, foil-shaped copper derived from the current 

collectors of the lithium ion secondary battery is sorted as a 

light product, and aluminum and iron that are derived from an 5 

external container are sorted as a heavy product. 

In the present invention, when friction or an impact is 

applied between different parts of the thermally treated product 

in response to application of the external force to the 

thermally treated product in the wet sorting step, for example, 10 

fine particles of carbon adhering to the valuable substances 

contained in the thermally treated product are peeled and 

separated from the valuable substances.  The carbon particles 

peeled from the valuable substances are, for example, separated 

together with the liquid (or separated together with the post-15 

process liquid (shaking liquid)).  When friction or an impact is 

applied to the thermally treated product in response to 

application of the external force in the wet sorting step, for 

example, fine aluminum oxide derived from the positive electrode 

current collector of the lithium ion secondary battery is more 20 

finely grained.  Therefore, the fine aluminum oxide can be 

separated together with the liquid. 

In addition, in the present invention, because the 

thermally treated product is sorted by a wet process using a 

liquid, carbon adhering to the valuable substances contained in 25 

the thermally treated product can be inhibited from adsorbing to 

the valuable substances due to adherent moisture or due to an 
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electrostatic force.  Hence, it is possible to separate carbon 

from the valuable substances more easily and to improve the 

accuracy of sorting between the valuable substances and carbon 

better than when shape sorting (specific gravity sorting) using 

an airflow or eddy current sorting is employed. 5 

[0019] 

Hence, by including the thermal treatment step and the wet 

sorting step specified above, the method for recovering a 

valuable substance from a lithium ion secondary battery of the 

present invention can highly accurately separate copper 10 

contained in the lithium ion secondary battery from fluorine and 

carbon, and can recover copper at a high grade.  For example, the 

method can sort and recover the light product obtained in the 

wet sorting step at a high grade, as represented by a copper 

grade of 90% or higher, a carbon grade of 5% or lower, and a 15 

fluorine grade of 0.2% or lower. 

[0020] 

In the following description, the details of, for example, 

the steps of the method for recovering a valuable substance from 

a lithium ion secondary battery of the present invention will be 20 

described. 

[0021] 

<Thermal treatment step> 

As illustrated in FIG. 2, a lithium ion secondary battery 

containing aluminum, carbon, and a copper foil as the 25 

constituting materials is subjected to the thermal treatment 

step, to obtain a thermally treated product.  In other words, in 
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the thermal treatment step, a lithium ion secondary battery is 

thermally treated, to obtain a thermally treated product of the 

lithium ion secondary battery. 

[0022] 

<<Valuable substance>> 5 

A valuable substance contained in a lithium ion secondary 

battery represents a substance that can suffice as a transaction 

object without being discarded.  Examples of the valuable 

substance include a carbon (C) concentrate having a high-grade, 

copper (Cu), aluminum (Al), lithium (Li), cobalt (Co), and 10 

nickel (Ni).  A carbon (C) concentrate having a high grade (e.g., 

a grade of 80% or higher) can be suitably used as, for example, 

a reductant in smelting of metals. 

In the present invention, for example, it is possible to 

sort and recover aluminum as a heavy product obtained in the wet 15 

sorting step, and to sort and recover copper as a light product 

obtained in the wet sorting step.  In the present invention, as 

described above, for example, it is possible to sort and recover 

copper, which is recovered as the light product, at a high grade 

represented by a copper grade of 90% or higher, a carbon grade 20 

of 5% or lower, and a fluorine grade of 0.2% or lower. 

[0023] 

-Lithium ion secondary battery- 

For example, a lithium ion secondary battery is a secondary 

battery that is charged or discharged through migration of 25 

lithium ions between a positive electrode and a negative 

electrode.  Examples of the lithium ion secondary battery include 
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a lithium ion secondary battery including a positive electrode, 

a negative electrode, a separator, an electrolytic solution 

containing an electrolyte and an organic solvent, and an 

exterior container (typically formed of aluminum or iron), which 

is a battery case in which the positive electrode, the negative 5 

electrode, the separator, and the electrolytic solution are 

stored.  The lithium ion secondary battery that is the target of 

the present invention may be one from which, for example, a 

positive electrode or a negative electrode is lost. 

[0024] 10 

For example, the shape, structure, and size of the lithium 

ion secondary battery that can be the target from which to 

recover a valuable substance in the present invention are not 

particularly limited.  Examples of the shape of the lithium ion 

secondary battery include a laminate shape, a cylindrical shape, 15 

a button shape, a coin shape, a square shape, and a flat shape. 

The form of the lithium ion secondary battery is not 

particularly limited and may be appropriately selected in 

accordance with the intended purpose.  Examples of the form of 

the lithium ion secondary battery include a battery cell, a 20 

battery module, and a battery pack.  A battery module represents 

a product including a plurality of battery cells, which are unit 

cells, in one housing in a connected state.  A battery pack 

represents a product including a plurality of battery modules in 

one housing.  A battery pack may be equipped with, for example, a 25 

controller or a cooling device. 

[0025] 
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--Positive electrode-- 

The positive electrode is a structure including a positive 

electrode material on a positive electrode current collector.  

Example of the shape of the positive electrode include a flat 

plate shape. 5 

[0026] 

For example, the shape, structure, and size of the positive 

electrode current collector are not particularly limited.  

Examples of the structure of the positive electrode current 

collector include a multilayer structure (laminate).  Examples of 10 

the shape of the positive electrode current collector include a 

foil shape.  Examples of the material of the positive electrode 

current collector include stainless steel, nickel, aluminum, 

copper, titanium, and tantalum.  Among these materials, aluminum 

is preferable.  Aluminum is widely used because aluminum cannot 15 

be doped with lithium ions, and in terms of, for example, costs 

and conductivity.  Aluminum alloys obtained by adding other 

metals (e.g., silicon and manganese) to aluminum in order to 

impart a desired property to aluminum are also used.  The lithium 

ion secondary battery that can be the target from which to 20 

recover a valuable substance in the present invention thus 

contains aluminum as the positive electrode current collector. 

[0027] 

For example, the positive electrode material contains at 

least a positive electrode active substance containing a rare 25 

valuable substance, and contains a conducting agent and a binder 

resin as needed.  The rare valuable substance is not particularly 
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limited.  The target to be recovered by the method for recovering 

a valuable substance of the present invention is preferably 

either or both of cobalt and nickel because cobalt and nickel 

are expensive. 

[0028] 5 

Examples of the positive electrode active substance include 

lithium manganate (LiMn2O4) referred to as an LMO system, lithium 

cobaltate (LiCoO2) referred to as an LCO system, LiNixCoyMnzO2

(x+y+z=1) referred to as a ternary system and an NCM system, 

LiNixCoyAlz (x+y+z=1) referred to as an NCA system, lithium iron 10 

phosphate (LiFePO4), lithium cobalt-nickelate (LiCo1/2Ni1/2O2), and 

lithium titanate (Li2TiO3).  As the positive electrode active 

substance, these materials may be used in combination. 

[0029] 

Examples of the conducting agent include carbon black, 15 

graphite, carbon fiber, and metal carbides. 

[0030] 

Examples of the binder resin include homopolymers or 

copolymers of, for example, vinylidene fluoride, 

tetrafluoroethylene, acrylonitrile, and ethylene oxide, and 20 

styrene-butadiene rubbers. 

[0031] 

--Negative electrode-- 

The negative electrode is a structure including a negative 

electrode material on a negative electrode current collector.  25 

Example of the shape of the negative electrode include a flat 

plate shape. 
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For example, the structure and size of the negative 

electrode current collector are not particularly limited.  Copper 

is widely used as the material of the negative electrode current 

collector because copper cannot be doped with lithium ions, and 

in terms of, for example, costs and conductivity.  Copper alloys 5 

obtained by adding other metals to copper in order to impart a 

desired property to copper are also used.  A widely used shape of 

the negative electrode current collector is a foil shape.  For 

example, the lithium ion secondary battery that can be the 

target from which to recover a valuable substance in the present 10 

invention thus contains a copper foil as the negative electrode 

current collector.  When the copper foil is formed of a copper 

alloy, the copper alloy is obtained as a light product in the 

wet sorting step described below.  There is a case where it is 

necessary to separate the alloy into, for example, copper and 15 

other metal components.  Hence, a lithium ion secondary battery 

that contains a copper foil formed of copper as the negative 

electrode current collector is suitable as the target from which 

to recover a valuable substance in the present invention.  Here, 

“copper foil” as used in the present specification also 20 

comprehends foils of copper alloys (Cu≥70%).  The thickness of 

the foil is preferably from 1 μm through 100 μm. 

[0032] 

For example, the negative electrode material contains at 

least a negative electrode active substance, and contains a 25 

conducting agent and a binder resin as needed.  As the negative 

electrode active substance, for example, carbon materials such 
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as graphite and hard carbon, titanate, silicon, and composite 

materials of each of these materials are widely used in terms of 

capacity and costs.  A lithium ion secondary battery that is 

preferable as the target from which to recover substances in the 

present invention is one that contains as the negative electrode 5 

active substance, carbon among these materials. 

[0033] 

In general, the positive electrode current collector and 

the negative electrode current collector have a laminate 

structure. 10 

[0034] 

The material of the exterior container (housing) of the 

lithium ion secondary battery is not particularly limited.  

Examples of the material of the exterior container include 

aluminum, iron, stainless steel, and resins (plastics). 15 

[0035] 

<<Thermal treatment method>> 

The method for performing the thermal treatment (heating) 

in the thermal treatment step is not particularly limited and 

may be appropriately selected in accordance with the intended 20 

purpose, so long as the method can bring each constituting 

component of the lithium ion secondary battery into a state from 

which a valuable substance can be recovered in the classifying 

step and the wet sorting step described below.  In the present 

invention, it is preferable to thermally treat the lithium ion 25 

secondary battery in a manner that the lithium ion secondary 

battery can be suitably pulverized in the pulverizing step 



22

described below. 

[0036] 

The thermal treatment step can be suitably performed using, 

for example, a thermal treatment furnace (roasting furnace).  

Examples of the thermal treatment furnace include batch-type 5 

furnaces such as a rotary kiln, a fluidized bed furnace, a 

tunnel furnace, and a muffle furnace, a cupola, a stoker 

furnace, and a fixed bed furnace. 

[0037] 

The temperature (thermal treatment temperature) during the 10 

thermal treatment is preferably higher than or equal to the 

melting point of the current collector, of which constituting 

metal has the lower melting point, of the positive electrode 

current collector and the negative electrode current collector 

of the lithium ion secondary battery (i.e., the melting point of 15 

aluminum constituting the positive electrode current collector) 

and lower than the melting point of the current collector, of 

which constituting metal has the higher melting point (i.e., 

copper or a copper alloy constituting the negative electrode 

current collector).  More specifically, the thermal treatment 20 

temperature is preferably 660°C or higher and 1,100°C or lower, 

and particularly preferably 700°C or higher and 900°C or lower.  

When the thermal treatment temperature is lower than 660°C, it 

tends to be difficult to thermally treat the current collector 

(aluminum) having the lower melting point sufficiently and bring 25 

it into a state easy to recover.  When the thermal treatment 

temperature is higher than 1,100°C, it becomes difficult to 
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inhibit embrittlement of copper (or a copper alloy), which is 

the current collector having the higher melting point, and it 

may be difficult to separate copper or a copper alloy from 

concentrates of cobalt and nickel even when pulverization and 

classification are performed. 5 

The thermal treatment temperature represents the 

temperature of the lithium ion secondary battery during the 

thermal treatment.  It is possible to measure the thermal 

treatment temperature by inserting a thermometer such as a 

thermocouple or a thermistor into the lithium ion secondary 10 

battery at the thermal treatment temperature. 

When the exterior container of the lithium ion secondary 

battery is mainly formed of aluminum and this aluminum melts 

during the thermal treatment, it is easy to separate this 

aluminum from the thermally treated product as a melted metal 15 

(aluminum) derived from the exterior container, by disposing a 

receptacle into which to recover the melted metal under the 

lithium ion secondary battery. 

[0038] 

For example, when a laminate including an aluminum foil as 20 

the positive electrode current collector and a copper foil as 

the negative electrode current collector is thermally treated at 

the predetermined thermal treatment temperature specified above, 

the positive electrode current collector formed of the aluminum 

foil is embrittled, and can be finely grained easily in the 25 

pulverizing step described below.  The embrittlement of the 

positive electrode current collector occurs through a melting or 
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oxidization reaction.  Aluminum that has melted and flowed down 

is recovered into the receptacle.  On the other hand, the 

negative electrode current collector formed of copper does not 

melt because it is thermally treated at a temperature lower than 

the melting point of copper, and can be separated as a coarse-5 

grained product from concentrates (fine-grained products) of 

cobalt and nickel when the classifying step described below is 

performed. 

[0039] 

The thermal treatment time is not particularly limited, may 10 

be appropriately selected in accordance with the intended 

purpose, and for example, is preferably 1 minute or longer and 5 

hours or shorter, more preferably 1 minute or longer and 2 hours 

or shorter, and particularly preferably 1 minute or longer and 1 

hour or shorter.  When the thermal treatment time is in the 15 

particularly preferable range, there is an advantage in terms of 

costs taken for the thermal treatment.  The thermal treatment 

time here does not include a retention time (temperature 

elevation stage). 

[0040] 20 

The atmosphere used for the thermal treatment is not 

particularly limited and may be appropriately selected in 

accordance with the intended purpose.  For example, the thermal 

treatment can be performed in the air or a (hypoxic) atmosphere 

in which the oxygen concentration is low.  An atmosphere in which 25 

the oxygen concentration is low is preferable because it is 

possible to recover the metal derived from the positive 
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electrode current collector and the metal derived from the 

negative electrode current collector at high grades at high 

recovery rates. 

When a material having a melting point lower than the 

thermal treatment temperature is used in the exterior container 5 

of the lithium ion secondary battery, it is preferable to 

thermally treat the lithium ion secondary battery in a hypoxic 

atmosphere in which the oxygen concentration is 11 vol% or 

lower, or in a state in which the oxygen concentration is 11 

vol% or lower at least in the lithium ion secondary battery 10 

being roasted (particularly, the positive electrode current 

collector and the negative electrode current collector disposed 

inside the exterior container of the lithium ion secondary 

battery). 

[0041] 15 

It is possible to realize the hypoxic atmosphere, by, for 

example, performing the thermal treatment while storing the 

lithium ion secondary battery, the positive electrode, or the 

negative electrode in an oxygen shielding container. 

The material of the oxygen shielding container is not 20 

particularly limited and may be appropriately selected in 

accordance with the intended purpose so long as it is a material 

having a melting point higher than or equal to the thermal 

treatment temperature.  For example, when the thermal treatment 

temperature is 800°C, examples of the material of the oxygen 25 

shielding container include iron and stainless steel that have a 

melting point higher than this thermal treatment temperature. 
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When a lithium ion secondary battery is thermally treated 

while being stored in an oxygen shielding container as described 

above, the positive electrode current collector containing 

aluminum is embrittled, and can be finely grained easily in the 

pulverizing step described below.  On the other hand, the 5 

negative electrode current collector formed of copper is not 

embrittled by oxidization, because it is thermally treated in a 

state in which the oxygen partial pressure is low because of the 

oxygen shielding effect of the oxygen shielding container and 

the reducing effect of a negative electrode active substance 10 

such as carbon contained in the lithium ion secondary battery. 

Hence, the positive electrode current collector is finely 

pulverized through pulverization in the pulverizing step, 

whereas the negative electrode current collector exists in the 

form of a relatively large foil even after pulverization.  This 15 

also enables more effective and higher-level sorting when 

performing the classifying step described below. 

[0042] 

It is preferable to form an opening in the oxygen shielding 

container in order to release gas pressure due to combustion of 20 

the electrolytic solution in the lithium ion secondary battery.  

For example, the shape, size, and the forming position of the 

opening are not particularly limited and may be appropriately 

selected in accordance with the intended purpose.  It is 

preferable to form the opening to have an opening area less than 25 

or equal to 12.5%, more preferably 6.3% of the surface area of 

the exterior container in which the opening is formed.  When the 
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opening area of the opening is greater than 12.5% of the surface 

area of the exterior container, most parts of the current 

collectors are easily oxidized by the thermal treatment. 

[0043] 

<Pulverizing step> 5 

In the present invention, it is possible to perform a 

pulverizing step of pulverizing the thermally treated product 

obtained in the thermal treatment step.  A pulverized product 

obtained in the pulverizing step may be subjected to the 

classifying step described below. 10 

The pulverization is not particularly limited and may be 

appropriately selected in accordance with the intended purpose 

so long as it is a step of pulverizing the thermally treated 

product (roasted product) to obtain a pulverized product.  It is 

preferable to obtain a pulverized product by pulverizing the 15 

thermally treated product by an impact.  For example, it is more 

preferable to perform a preparatory pulverization, in which the 

thermally treated product is cut with a cutting device, before 

applying an impact to the thermally treated product, when there 

is a condition of not melting the housing of the lithium ion 20 

secondary battery in the thermal treatment step. 

[0044] 

Examples of the pulverization method by an impact include a 

method of throwing the thermally treated product using a 

rotating beating board and slamming the thermally treated 25 

product against an impact board to apply an impact, and a method 

of beating the thermally treated product using a rotating 



28

beater.  These methods can be performed with, for example, a 

hammer crusher, a chain mill, and an endmill.  The pulverization 

method by an impact may also be a method of beating the 

thermally treated product using a ball or rod formed of, for 

example, ceramic or iron.  These methods can be performed with a 5 

ball mill and a rod mill.  Examples of the pulverization method 

other than those using an impact include a pulverization method 

using, for example, a biaxial crusher configured to perform 

pulverization by compression and having a short width of cut and 

a short blade length. 10 

[0045] 

When the thermally treated product of the lithium ion 

secondary battery is pulverized by an impact, the active 

substances and the current collectors are suitably separated 

into individual bodies.  The active substances are particles 15 

having a size of some tens of nanometers initially, and the 

current collectors have a foil shape.  Hence, the active 

substances break apart preferentially by the pulverization by an 

impact, and can be separated in the next classifying step as a 

result. 20 

[0046] 

The pulverization time in the pulverizing step is not 

particularly limited and may be appropriately selected in 

accordance with the intended purpose.  The pulverization time per 

1 kg of a lithium ion secondary battery is preferably 1 second 25 

or longer and 30 minutes or shorter, more preferably 2 seconds 

or longer and 10 minutes or shorter, and particularly preferably 
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3 seconds or longer and 5 minutes or shorter.  When the 

pulverization time is shorter than 1 second, pulverization may 

fail.  When the pulverization time is longer than 30 minutes, 

excessive pulverization may occur, and copper derived from the 

negative electrode current collector may be recovered into the 5 

fine-grained product in the next classifying step. 

[0047] 

The pulverization conditions in the pulverizing step are as 

follows.  For example, for pulverization using an impact type or 

beating type pulverizer such as a chain mill or a hammer mill, 10 

it is preferable to set the tip speed of the chain or the hammer 

to 10 m/sec or higher and 300 m/sec or lower, and to set the 

residence time of the target in the pulverizer to 1 second or 

longer and 10 minutes or shorter.  In the method for recovering a 

valuable resource of the present invention, these conditions 15 

make it possible to pulverize copper and aluminum, which are 

positive electrode materials, and members formed of Fe derived 

from the housing without excessively minutely pulverizing them. 

[0048] 

<Classifying step> 20 

Next, the thermally treated product obtained in the thermal 

treatment step or the pulverized product obtained in the 

pulverizing step may be subjected to a classifying step of 

classifying the thermally treated product or the pulverized 

product into a coarse-grained product and a fine-grained 25 

product.  The classifying method is not particularly limited and 

may be appropriately selected in accordance with the intended 



30

purpose.  The classification may be performed using, for example, 

a vibrating sieve, a multi-stage vibrating sieve, a JIS Z8801 

standard sieve, and a dry or wet cyclone. 

Aluminum (Al) exists in the form of relatively large lumps 

derived from the housing, foil—shaped aluminum (aluminum foil) 5 

derived from the positive electrode current collector, and fine 

shapes produced by pulverizing the foil-shaped aluminum.  Hence, 

aluminum is contained in both of the coarse-grained product and 

the fine-grained product. 

[0049] 10 

The classification point in the classifying step used in 

the present invention is preferably from 0.6 mm through 2.4 mm 

and particularly preferably from 1.0 mm through 2.0 mm.  When the 

classification point is greater than 2.4 mm, the recovery rate 

of copper into the coarse-grained product may be low.  On the 15 

other hand, when the classification point is less than 0.6 mm, 

mixing of a metal derived from a current collector containing a 

metal having a low melting point, and of the active substances 

of the electrodes into the coarse-grained product may increase, 

the grade of a metal (copper or a copper alloy) derived from a 20 

current collector and having a high melting point is low in the 

coarse-grained product, and the recovery rates of cobalt and 

nickel derived from the positive electrode active substance into 

the fine-grained product may be low.  In terms of appropriate 

separation of each valuable substance, the classification point 25 

is preferably from 1.0 mm through 2.0 mm. 

Through this classification, it is possible to separate and 



31

recover metals derived from the exterior container and a metal 

derived from a current collector and having a high melting point 

(i.e., copper) as the coarse-grained product, and to separate 

and recover the positive electrode active substances such as 

cobalt and nickel and the negative electrode active substances 5 

such as carbon as the fine-grained product, respectively.  

However, at this stage, carbon (generally in the form of 

particles) and fluorine often remain in the coarse-grained 

product.  Moreover, the components derived from the positive 

electrode active substances, such as cobalt, nickel, and 10 

manganese, may be entangled into the coarse-grained product 

during, for example, pulverization and may be recovered as the 

coarse-grained product.  Furthermore, there may be a case where 

aluminum that is derived from the exterior container, and has 

adhered to any other components of the lithium ion after being 15 

melted during the thermal treatment and failed to be separated, 

and aluminum that is derived from the exterior container, and 

has been melted insufficiently during the thermal treatment are 

recovered as the coarse-grained product.  For example, these 

substances can be separated in the wet sorting step described 20 

below. 

[0050] 

The coarse-grained product recovered in the classifying 

step may be classified at a classification point greater than 

2.4 mm and a product (medium product) recovered to the fine-25 

grained product side of this classification point may be 

subjected to the magnetic force sorting step described below.  
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Through another classification of the coarse-grained product, it 

is possible to recover high-grade copper into the coarse-grained 

product to be recovered through this another classification.  By 

subjecting the coarse-grained product recovered through this 

another classification to physical sorting (e.g., magnetic force 5 

sorting and specific gravity sorting), which may be a dry 

process or a wet process, it is possible to recover a product in 

which the copper grade is further increased. 

The fine-grained product sorted in the classifying step 

contains, for example, cobalt, nickel, lithium, and aluminum 10 

derived from the positive electrode current collector.  It is 

optional to subject this fine-grained product to a physical 

sorting step or a wet purifying step, to recover concentrates of 

cobalt, nickel, and lithium from the fine-grained product 

(through this, it is possible to separate carbon from, for 15 

example, cobalt). 

[0051] 

Classification (sieving) of the coarse-grained oversize 

product (oversize product) and the fine-grained product 

(undersize product) may be repeated a plurality of times.  20 

Through this repetitive classification, it is possible to 

further reduce the impurity grade in each product. 

[0052] 

The pulverizing step and the classifying step may be 

performed simultaneously.  For example, the pulverizing step and 25 

the classifying step may be performed as a 

pulverizing/classifying step (pulverization and classification) 
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of pulverizing a thermally treated product obtained in the 

thermal treatment step while classifying an obtained pulverized 

product into a coarse-grained product and a fine-grained 

product. 

[0053] 5 

<Magnetic force sorting step> 

As described above, it is preferable that the method for 

recovering a valuable substance of the present invention further 

includes a magnetic force sorting step of sorting the thermally 

treated product obtained in the thermal treatment step or the 10 

coarse-grained product obtained at the coarse side in the 

classifying step by a magnetic force into magnetically 

attractable materials and non-magnetically attractable 

materials.  In this case, iron is separated into magnetically 

attractable materials as a magnetically attractable material and 15 

non-magnetically attractable materials mainly containing copper 

and aluminum (the coarse-grained product from which magnetically 

attractable materials are removed) can be recovered as non-

magnetically attractable materials.  In the following 

description, sorting by a magnetic force may be referred to as 20 

“magnetic force sorting” or “magnetic sorting”. 

The magnetic force sorter is not particularly limited and 

may be appropriately selected in accordance with the intended 

purpose.  Examples of the magnetic force sorter include a bar 

magnet, a lattice magnet, a rotary magnet, a magnet strainer, a 25 

high magnetic force pulley (magnet pulley) magnetic sorter, a 

drum-shaped magnetic sorter, and a suspended magnetic sorter.  
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Among these magnetic force sorters, it is preferable to use a 

drum-shaped magnetic sorter and a suspended magnetic sorter in 

the present invention.  The magnetic force sorting step may be a 

dry process or a wet process. 

[0054] 5 

A magnetically attractable material represents a material 

that can be attracted to a magnetic force source by an 

attractive force generated between the material and the magnetic 

force source by a magnetic force generated by the magnetic force 

source configured to generate a magnetic force (a magnetic 10 

field) (for example, a magnet and an electromagnet).  Examples of 

the magnetically attractable material include ferromagnetic 

metals.  Examples of ferromagnetic metals include iron, nickel, 

and cobalt. 

A non-magnetically attractable material represents a 15 

material that is not attracted to the magnetic force source by a 

magnetic force generated by the magnetic force source.  The non-

magnetically attractable material is not particularly limited 

and may be appropriately selected in accordance with the 

intended purpose.  Examples of non-magnetically attractable metal 20 

materials include paramagnetic or diamagnetic metals.  Examples 

of paramagnetic or diamagnetic metals include aluminum, 

manganese, gold, silver, and copper. 

When separating iron from the coarse-grained product as a 

magnetically attractable material, the magnitude of the magnetic 25 

force for the magnetic force sorting is preferably, for example, 

a magnetic flux density of 0.01 T (100 G) or higher.  “T” stands 
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for tesla, and “G” stands for gauss. 

When sorting stainless steel from the coarse-rained 

product, a magnetic force higher than the range specified above 

may be used.  Different magnetic forces may be combined and used 

in multiple stages. 5 

[0055] 

When not performing the magnetic force sorting step, iron 

contained in the coarse-grained product can be separated into 

the heavy product in the wet sorting step.  However, when iron is 

subjected to a wet process, iron may be rusted.  In this case, it 10 

is difficult to recover transaction-grade iron.  Therefore, it is 

preferable to perform the magnetic sorting step before the wet 

sorting step. 

[0056] 

<Wet sorting step> 15 

Next, the wet sorting step (wet specific gravity sorting 

step) of applying an external force to the thermally treated 

product obtained in the thermal treatment step, or preferably 

the coarse-grained product obtained at the coarse side in the 

classifying step, or more preferably the non-magnetically 20 

attractable materials recovered subsequently in the magnetic 

sorting step (i.e., the coarse-grained product from which 

magnetically attractable materials are removed; non-magnetically 

attractable materials) in the presence of a liquid to sort the 

product or the materials into a heavy product and a light 25 

product mainly containing copper is performed.  That is, in the 

wet sorting step, vibration can be applied to the thermally 
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treated product or the coarse-grained product in a liquid. 

[0057] 

By applying an external force to the thermally treated 

product, the coarse-grained product, or the non-magnetically 

attractable materials in the presence of a liquid, it is 5 

possible to apply vibration and friction to the thermally 

treated product, the coarse-grained product, or the non-

magnetically attractable materials in the liquid.  By mutual 

friction of particles of copper (or a copper alloy) derived from 

the negative electrode current collector to which carbon 10 

particles have adhered, or by friction of the particles of 

copper (or a copper alloy) with other components or with the 

internal wall of the device that is configured to apply the 

friction, the carbon particles are peeled from the negative 

electrode current collector and separated into the liquid (i.e., 15 

the copper particles exist in the shaking liquid in which, for 

example, copper has subsided).  Copper (or the copper alloy) has 

maintained the foil shape to some degree even through, for 

example, the pulverizing step, and has a low apparent specific 

gravity under a strong resistance of water during the subsidence 20 

in the liquid.  On the other hand, aluminum and iron derived from 

the exterior case have lump shapes and have a high apparent 

specific gravity.  Based on these factors, through the wet 

sorting step (wet specific gravity sorting step), foil-shaped 

copper (or copper alloy) derived from the negative electrode 25 

current collector and constituting the coarse-grained product is 

recovered as the light product, and aluminum derived from the 
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exterior case (and having failed to be separated and recovered 

as a melted product in the thermal treatment) and iron (having 

failed to be recovered in the magnetic sorting step, containing 

stainless steel) are recovered as the heavy product.  Since the 

light product has, for example, a copper brown color, it can 5 

also be distinguished from the heavy product by color. 

In the present invention, variation in the apparent 

specific gravity in the liquid (i.e., variation in whether a 

substance behaves as a light substance or a heavy substance in 

terms of the magnitude of the resistance it receives in the 10 

liquid depending on its shape) is utilized, and for example, a 

sorted product of a component having a low apparent specific 

gravity in the liquid is referred to as the “light product”, and 

a sorted product of a component having a high apparent specific 

gravity in the liquid is referred to as the “heavy product”.  For 15 

example, in the liquid, the heavy product is sorted at the lower 

side in the gravity direction, and the light product is sorted 

at the upper side in the gravity direction. 

As described above, it is possible to peel carbon from the 

negative electrode current collector and separate carbon into 20 

the shaking liquid through, for example, a net-shaped object 

described below.  Aluminum derived from the positive electrode 

current collector (this aluminum is considered to exist as 

aluminum oxide) is finely grained by the friction, and can also 

be separated into the shaking liquid. 25 

Moreover, because the specific gravity sorting is a wet 

process, it is possible to reduce adsorption between carbon and 
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other components due to adherent moisture or due to an 

electrostatic force.  Hence, the wet process can facilitate 

carbon separation better than a dry process.  Fluorine and 

lithium contained in, for example, copper get leached during the 

wet sorting, and can be separated into the shaking liquid at the 5 

same time as carbon separation. 

As can be seen, in the wet sorting step, it is possible to 

suitably sort among the heavy product, the light product, and 

substances intended to be sorted into the shaking liquid into 

the shaking liquid by utilizing the friction between different 10 

parts of the coarse-grained product, or between the coarse-

grained product and the device.  In terms of increasing the 

sorting efficiency, the vibration applied to the coarse-grained 

products in the wet sorting step is preferably in the vertically 

upward-downward direction (approximately gravity direction). 15 

[0058] 

The wet sorting step is not particularly limited and may be 

appropriately selected in accordance with the intended purpose 

so long as it is possible to apply an external force to the 

thermally treated product, the coarse-grained product, or the 20 

non-magnetically attractable materials in the presence of a 

liquid and to sort them into a heavy product and a light product 

containing copper.  In the following description, the thermally 

treated product, the coarse-grained product, and the non-

magnetically attractable materials may be referred to as “for 25 

example, the coarse-grained product” without differently naming 

them. 
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[0059] 

The method for placing, for example, the coarse-grained 

product in the presence of a liquid when applying an external 

force to, for example, the coarse-grained product in the 

presence of a liquid in the wet sorting step is not particularly 5 

limited and may be appropriately selected in accordance with the 

intended purpose so long as the method can make a liquid present 

around, for example, the coarse-grained product. 

Examples of the method for placing, for example, the 

coarse-grained product in the presence of a liquid include a 10 

method of blowing, for example, the coarse-grained product with 

a liquid by, for example, spraying, a method of pouring a liquid 

over, for example, the coarse-grained product by, for example 

showering (i.e., running a liquid through, for example, the 

coarse-grained product), and a method of immersing, for example, 15 

the coarse-grained product in a liquid (i.e., adding, for 

example, the coarse-grained product to a liquid).  Among these 

methods, the method of immersing, for example, the coarse-

grained product in a liquid (i.e., adding, for example, the 

coarse-grained product to a liquid) is preferable as the method 20 

for placing, for example, the coarse-grained product in the 

presence of a liquid because it is easy to make a sufficient 

amount of a liquid present around, for example, the coarse-

grained product. 

In the method for immersing, for example, the coarse-25 

grained product in a liquid (i.e., adding, for example, the 

coarse-grained product to a liquid), for example, the coarse-
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grained product may be immersed in, for example, a stationary 

liquid (immobile liquid) or a flowing liquid (e.g., running 

water). 

The liquid used in the wet sorting step is not particularly 

limited and may be appropriately selected in accordance with the 5 

intended purpose.  Examples of the liquid include water.  The 

water used in the wet sorting step is not particularly limited 

and may be appropriately selected in accordance with the 

intended purpose.  Examples of the water include pure water, tap 

water, ion-exchanged water, ultrafiltrated water, reverse 10 

osmotic water, industrial water, river water, marine water, well 

water, mineral water, hot spring water, spring, fresh water, 

purified water, and hot water.  One of these kinds of water may 

be used alone or two or more of these kinds of water may be used 

in combination.  It is preferable to use water as the liquid in 15 

terms of costs and environmental impacts, and for example, a 

dispersant may be added to the water. 

[0060] 

The method for applying an external force to, for example, 

the coarse-grained product when applying an external force to, 20 

for example, the coarse-grained product in the presence of a 

liquid in the wet sorting step is not particularly limited and 

may be appropriately selected in accordance with the intended 

purpose so long as the method can cause sorting into a heavy 

product and a light product mainly containing copper by the 25 

applied external force. 

Examples of the method for applying an external force to, 
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for example, the coarse-grained product include a method of 

applying vibration to, for example, the coarse-grained product, 

a method of supplying a water flow pulsating upward and downward 

to, for example, the coarse-grained product (i.e., applying 

vibration to the liquid), and a method of applying a continuous 5 

impact to, for example, the coarse-grained product by, for 

example, beating, for example, the coarse-grained product.  In 

the present invention, among these methods, the method of 

applying vibration to, for example, the coarse-grained product 

or the method of supplying a water flow pulsating upward and 10 

downward to, for example, the coarse-grained product is 

preferable as the method for applying an external force to, for 

example, the coarse-grained product because it becomes easy to 

sort, for example, the coarse-grained product. 

[0061] 15 

As described above, in the present invention, when applying 

an external force to, for example, the coarse-grained product in 

the presence of a liquid in the wet sorting step, it is 

preferable to apply vibration to, for example, the coarse-

grained product or supply a pulsating water flow to, for 20 

example, the coarse-grained product while immersing, for 

example, the coarse-grained product in the liquid. 

The method for applying vibration to, for example, the 

coarse-grained product while immersing, for example, the coarse-

grained product in the liquid is not particularly limited and 25 

may be appropriately selected in accordance with the intended 

purpose.  A method of placing the coarse-grained product on a 
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net-shaped object and vibrating the net-shaped object in the 

liquid is preferable.  In  other words, in the present invention, 

it is preferable to sort the coarse-grained product into a light 

product and a heavy product in the wet sorting step by placing 

the coarse-grained product on a net-shaped object and vibrating 5 

the net-shaped object in the liquid.  This makes it possible to 

better improve the grade of copper as a light product. 

The method for supplying a pulsating water flow to the 

coarse-grained product while immersing the coarse-grained 

product in the liquid is not particularly limited and may be 10 

appropriately selected in accordance with the intended purpose.  

A method of placing the coarse-grained product on a fixed net-

shaped object, forming a pulsating water flow by applying a 

pressure to the liquid mechanically or using compressed air, and 

dispersing the coarse-grained product by means of the pulsating 15 

water flow is preferable.  This makes it possible to better 

improve the grade of copper as a light product. 

[0062] 

The device used in the wet sorting step is not particularly 

limited and may be appropriately selected in accordance with the 20 

intended purpose so long as the device can sort the thermally 

treated product, the coarse-grained product, or the non-

magnetically attractable materials (for example, the coarse-

grained product) by a wet process by applying vibration while 

they are in a dispersed state.  For example, a jig sorter, a wet 25 

rocking table sorter, a double-deck specific gravity sorter, a 

centrifugal specific gravity sorter, and a flowing-film 
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concentrator can be used.  Among these devices, a jig sorter is 

preferable because it is a simple device and can apply vibration 

in the gravity direction to, for example, the coarse-grained 

product easily by shaking.  It is preferable that at least a part 

of the device be formed of a transparent material because it is 5 

easy to watch how sorting is going. 

It is preferable that the device includes a net-shaped 

object on which, for example, the coarse-grained product can be 

placed and at least a part of which has a structure through 

which a liquid can circulate.  The mesh size of the net-shaped 10 

object is not particularly limited so long as the mesh size is a 

size through which a liquid can circulate and a valuable 

substance (e.g., copper) that is contained in, for example, the 

coarse-grained product and is the target to be sorted cannot 

pass.  More specifically, the mesh size of the net-shaped object 15 

is preferably 0.1 mm or greater and 50 mm or less and more 

preferably 0.2 mm or greater and 20 mm or less. 

[0063] 

The vibration direction when vibrating the net-shaped 

object in the liquid or the pulsating direction of a water flow 20 

when supplying a pulsating water flow to the coarse-grained 

product is not particularly limited so long as sorting into a 

heavy product and a light product mainly containing copper is 

possible.  The vertical direction (an approximately gravity 

direction) is preferable.  In other words, in the present 25 

invention, it is preferable to vibrate the net-shaped object in 

an approximately gravity direction or to supply a water flow 
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pulsating in an approximately gravity direction to the coarse-

grained product in the wet sorting step.  In the present 

invention, this makes it possible to sort, for example, the 

coarse-grained product into a light product and a heavy product 

more efficiently in a short time by utilizing the shape and 5 

specific gravity of each substance contained in, for example, 

the coarse-grained product. 

[0064] 

The speed of the vibration applied to, for example, the 

coarse-grained product in the wet sorting step (or of vibration 10 

of a vibrating portion of the device used in the step), or of 

the pulsation of the water flow is preferably a vibration speed 

of from 1 mm/s (travel of 1 mm per second) through 1,000 mm/s.  

The time needed for the vibration to make one go-and-return is 

preferably from 0.1 seconds through 5 seconds.  When the 15 

vibration speed or the pulsating speed is lower than 1 mm/s or 

when the time needed for the vibration to make one go-and-return 

is longer than 5 seconds, copper, iron, and aluminum that are 

mainly contained in the processing-target coarse-grained product 

tend to be separated insufficiently.  When the vibration speed is 20 

higher than 1,000 mm/s or when the time needed for one go-and-

return is shorter than 0.1 seconds, the vibration is so strong 

that the substances tend to be mixed rather than separated.  From 

these points of view, the vibration speed is more preferably 

from 30 mm/s through 500 mm/s, and the time needed for one go-25 

and-return is more preferably from 1 second through 4 seconds. 

[0065] 
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The width of fluctuation of the net-shaped object (width of 

fluctuation: the distance by which the sorter travels during a 

go or a return) or the width by which the water surface is 

pulsated under the pulsating water flow is not particularly 

limited so long as, for example, the coarse-grained product can 5 

be sorted into a heavy product and a light product mainly 

containing copper, and is preferably, for example, 1 mm or 

greater and 2,000 mm or less and more preferably 10 mm or 

greater and 1,000 mm or less. 

[0066] 10 

In addition, the time for which the vibration is applied to 

the net-shaped object or the liquid and the frequency of 

vibration (which is the same as the frequency of pulsation for a 

liquid) are not particularly limited so long as, for example, 

the coarse-grained product can be sorted into a heavy product 15 

and a light product mainly containing copper.  For example, when 

shaking is applied upward and downward three hundred times (300 

go-and-returns) at a vibration speed of 50 mm/s at a width of 

fluctuation of 50 mm, the time for which the vibration is 

applied is 10 minutes. 20 

[0067] 

The method for applying vibration to the net-shaped object 

is not particularly limited.  For example, it is possible to 

employ a method of a human operator holding the sorting device 

including the net-shaped object by hand and making the sorting 25 

device go and return in an approximately gravity direction 

(upward and downward direction).  Or, automatically, a device 
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including, for example, a motor may be used to make the sorting 

device go and return in an approximately gravity direction 

(upward and downward direction).  The method for applying 

vibration to the liquid is not particularly limited.  For 

example, it is possible to employ a method of moving the water 5 

level upward or downward using compressed air. 

[0068] 

In the wet sorting step, it is optional to separate, for 

example, the coarse-grained product into three or more decks 

for, for example, a light product, a medium specific gravity 10 

product, and a heavy product.  A lithium ion secondary battery 

contains copper not only as the foil-shaped copper of the 

negative electrode current collector, but may contain trace 

copper as thick copper components such as a copper wire and a 

copper plate.  These copper components have an apparent specific 15 

gravity higher than that of aluminum.  Hence, in this case, the 

foil-shaped copper can be collected into the light product, the 

other copper components can be collected into the heavy product, 

and aluminum can be collected into the medium specific gravity 

product. 20 

In the present invention, the heavy product recovered by 

two-deck separation into the heavy product and the light product 

may be subjected to specific gravity sorting again.  This heavy 

product contains not only aluminum but also the mentioned trace 

copper components contained in the lithium ion secondary 25 

battery.  It is possible to separate aluminum into a light 

product to be obtained by subjecting the heavy product to 
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specific gravity sorting, and to recover the copper components 

into a heavy product to be obtained by subjecting the heavy 

product to specific gravity sorting.  This specific gravity 

sorting may be dry specific gravity separation. 

In the wet sorting step, there may be a case where a part 5 

of the foil-shaped copper to which carbon has adhered floats in 

the liquid.  This copper part may be recovered as a light 

product, or may be recovered as a product of copper from which 

carbon has not been peeled sufficiently so it may be subjected 

to the pulverizing step again. 10 

[0069] 

As described above, in the wet sorting step of the present 

invention, high-grade copper can be obtained as the light 

product from the coarse-grained product.  Specifically, the 

sorted light product mainly containing copper has a copper grade 15 

of 90% or higher, a carbon grade of 5% or lower, and a fluorine 

grade of 0.2% or lower.  It is preferable that the light product 

has an aluminum grade of 1% or lower, and a lithium grade of 

0.2% or lower. 

[0070] 20 

FIG. 1A is a concept diagram illustrating an example of a 

state when non-magnetically attractable materials are sorted in 

a liquid using a sorting unit in the wet sorting step. 

In the example illustrated in FIG. 1A, water W is stored in 

a liquid storing container 10.  In the example illustrated in 25 

FIG. 1A, non-magnetically attractable materials 30 are stored in 

a sorting unit 20 including a storage 21.  A sieving unit (net-
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shaped object) 22 is installed at the bottom of the storage 21 

of the sorting unit 20.  The water W is flowing into the storage 

21 of the sorting unit 20 through the sieving unit 22.  The water 

W is present inside the storage 21, and the non-magnetically 

attractable materials 30 are present in the water W. 5 

In the wet sorting step, for example, vibrating the sorting 

unit 20 in the direction indicated by the arrow A of FIG. 1A (an 

approximately gravity direction) effects sorting.  That is, in 

the example illustrated in FIG. 1A, vibrating the sorting unit 

20 in the water W causes application of an external force to the 10 

non-magnetically attractable materials 30 and vibrates the non-

magnetically attractable materials 30, to thereby effect sorting 

of the non-magnetically attractable materials 30.  Moreover, as 

illustrated in FIG. 1A, vibrating the sorting unit 20 in the 

water W can inhibit carbon 31 adhering to the valuable 15 

substances such as copper contained in the non-magnetically 

attractable materials 30 from adsorbing to the valuable 

substances due to adherent moisture or due to an electrostatic 

force, to effect separation of the carbon 31, which is separated 

into the water W through the sieving unit 22. 20 

When vibrating the sorting unit 20 in the water W, it is 

preferable to vibrate the sorting unit 20 in a manner that the 

opening (upper side) of the storage 21 does not come to a level 

lower than the water surface of the water W.  In this way, it is 

possible to avoid any floating substances that occur in the 25 

storage 21 leaking outside the storage 21. 

[0071] 
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FIG. 1B is a concept diagram illustrating an example of a 

state after the non-magnetically attractable materials are 

sorted in the liquid using the sorting unit in the wet sorting 

step. 

FIG. 1B illustrates an example of a state when the sorting 5 

unit 20 is sufficiently vibrated in the example illustrated  in 

FIG. 1A, to sort the non-magnetically attractable materials 30 

into a heavy product 32 and a light product 33.  As illustrated 

in FIG. 1B, by vibrating the sorting unit 20 in the water W in 

an approximately gravity direction, it is possible to 10 

efficiently sort the non-magnetically attractable materials 30 

into the heavy product 32 and the light product 33 utilizing the 

shape and specific gravity of each substance contained in the 

non-magnetically attractable materials 30. 

In FIG. 1B, when the non-magnetically attractable materials 15 

30 are vibrated by application of an external force, different 

parts of the non-magnetically attractable materials 30 are 

rubbed against each other to cause friction.  Therefore, the 

carbon 31 is peeled off, breaks into fine particles, and can be 

separated into the water W, and fluorine contained in the non-20 

magnetically attractable materials 30 can also be separated into 

the water W because fluorine leaches into the water W. 

[0072] 

The present invention is not limited to use of the sorting 

unit as illustrated in FIG. 1A and FIG. 1B.  For example, the 25 

liquid storing container 10 need not be used, and the storage 21 

of the sorting unit 20 may be configured to be able to retain 
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the water W itself (i.e., the sieving unit 22 need not be 

provided, and the bottom of the storage 21 may be tightly 

closed), so vibrating the sorting unit 20 while the storage 21 

is filled with the water W can effect vibration of the non-

magnetically attractable materials 30 in the water W and sorting 5 

into the heavy product 32 and the light product 33. 

[0073] 

<Other steps> 

The other steps are not particularly limited and may be 

appropriately selected in accordance with the intended purpose.  10 

Examples of the other steps include a recovering step. 

[0074] 

<<Recovering step>> 

For example, the recovering step may be a step of 

separately recovering the heavy product and the light product 15 

mainly containing copper that are sorted in the wet sorting 

step. 

In the recovering step, for example, after the sorting unit 

is taken out from the liquid and drained of the liquid, it is 

possible to recover a product collected by a predetermined 20 

thickness from the thermally treated product, the coarse-grained 

product, or the non-magnetically attractable materials (for 

example, the coarse-grained product) from above as the light 

product, and the rest as the heavy product.  Examples of the 

method for collecting, for example, the coarse-grained product 25 

by a predetermined thickness from above include a collecting 

method using a medicine spoon, and a collecting method by 
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insertion of a flat plate-shaped component between the light 

product and the heavy product for separation between the light 

product and the heavy product. 

Moreover, because the light product into which copper is 

concentrated has a copper brown color, it is possible to 5 

distinguish the heavy product and the light product from each 

other by regarding the part having the copper brown color as the 

light product and the other part as the heavy product. 

[0075] 

<Example embodiment> 10 

Here, an example embodiment of the sorting method for a 

lithium ion secondary battery of the present invention will be 

described.  FIG. 2 is a chart indicating an example of the flow 

of one embodiment of the method for recovering a valuable 

substance of the present invention. 15 

[0076] 

As illustrated in FIG. 2, in the present embodiment, first, 

a lithium ion secondary battery is placed on a receptacle into 

which to recover aluminum derived from the housing, and 

thermally treated at a thermal treatment temperature of 660°C or 20 

higher and 1,100°C or lower (thermal treatment step).  In the 

thermal treatment step, aluminum derived from the housing of the 

lithium ion secondary battery is melted and recovered into the 

receptacle as a melted product. 

[0077] 25 

Next, the thermally treated product of the lithium ion 

secondary battery is pulverized, to obtain a pulverized product 
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(pulverizing step). 

Next, the pulverized product is classified at a 

classification point of 1.2 mm or greater and 2.4 mm or less, to 

classify the pulverized product into a coarse-grained product 

(oversize product) and a fine-grained product (undersize 5 

product) (classifying step).  Here, for example, copper (Cu), 

aluminum (Al), iron (Fe), carbon (C), and fluorine (F) are 

contained in the coarse-grained product (oversize product).  On 

the other hand, for example, cobalt (Co), nickel (Ni), carbon 

(C), and aluminum (Al) are contained in the fine-grained product 10 

(undersize product). 

Next, the coarse-grained product is subjected to sorting by 

a magnetic force (magnetic sorting), to sort the coarse-grained 

product into magnetically attractable materials and non-

magnetically attractable materials (magnetic force sorting 15 

step).  Here, iron (Fe) is sorted and concentrated in the 

magnetically attractable materials, and, for example, copper 

(Cu), aluminum (Al), carbon (C), and fluorine (F) are contained 

in the non-magnetically attractable materials. 

[0078] 20 

Then, the non-magnetically attractable materials are 

subjected to sorting by application of an external force in the 

presence of a liquid, to thereby sort the non-magnetically 

attractable materials into a light product and a heavy product 

(wet sorting step).  More specifically, in the present 25 

embodiment, in the wet sorting step, for example, the coarse-

grained product is stored in a sorting unit including a storage 
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configured to store the non-magnetically attractable materials, 

and the sorting unit is vibrated in the liquid in an 

approximately gravity direction, to thereby separate each 

substance in the non-magnetically attractable materials into the 

heavy product, the light product, or the shaking liquid. 5 

In the present embodiment, aluminum (Al) is concentrated in 

the heavy product, copper (Cu) is concentrated in the light 

product, and carbon (C) and fluorine (F) are separated into the 

shaking liquid (liquid). 

In this way, in the present embodiment, it is possible to 10 

separate the valuable substance (e.g., copper) contained in the 

lithium ion secondary battery from fluorine and carbon highly 

accurately, and to sort the valuable substance at a high grade. 

Examples 15 

[0079] 

The present invention will be described below by way of 

Examples.  The present invention should not be construed as being 

limited to these Examples. 

[0080] 20 

(Example 1) 

<Thermal treatment> 

A lithium ion secondary battery pack (300 kg) for vehicles, 

of which an exterior case (housing) was formed of aluminum (with 

some parts of the exterior case containing iron) (in the lithium 25 

ion secondary battery, the positive electrode current collector 

was an aluminum foil, the negative electrode current collector 
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was a copper foil, the negative electrode active substance was a 

carbon material, and fluorine was contained in the electrolytic 

solution) was subjected to the thermal treatment step, the 

pulverizing step, the classifying step, the magnetic sorting 

step, and the wet sorting step as indicated by the flow of FIG. 5 

2, to recover a valuable substance.  Specific processes were as 

follows. 

Using a fixed bed furnace (having a diameter of 4,300 mm 

and a height of 6,500 mm) having a cylindrical internal shape as 

a thermal treatment device, the lithium ion secondary battery 10 

pack was thermally treated at a thermal treatment temperature of 

800ºC (subjected to temperature elevation from room temperature 

to 800°C in 15 minutes, and then temperature retention for 2 

hours) in the atmospheric atmosphere.  In the thermal treatment, 

the lithium ion secondary battery pack for vehicles was placed 15 

on a receptacle into which to recover aluminum derived from the 

housing, and aluminum derived from the housing was melted and 

recovered into the receptacle as a melted product. 

[0081] 

<Pulverization and classification> 20 

Next, in the pulverizing step, using a chain mill 

(CROSSFLOW SHREDDER S-1000, obtained from Sato Tekko Co., Ltd.) 

as a pulverizer, the thermally treated product of the lithium 

ion secondary battery pack for vehicles was pulverized at a 

chain rotation number of 30 Hz for a pulverization time of 30 25 

seconds, to obtain a pulverized product. 

Next, in the classifying step, using a vibrating sieve 
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having a sieve mesh size of 1.2 mm (model No. STZF-90-210TB, 

obtained from Daito Vibration Engineering Co., Ltd.), the 

pulverized product of the lithium ion secondary battery pack for 

vehicles was sieved (classified).  After sieving, the oversize 

product (coarse-grained product) and the undersize product 5 

(fine-grained product) above and below the 1.2 mm sieve were 

collected, respectively. 

[0082] 

<Magnetic force sorting> 

Next, using a suspended magnetic sorter (SP-610 SC-2 SPCL-10 

L, obtained from Eriez Magnetics Japan Co., Ltd.) having a 

magnetic flux density of 500 G (0.05 T), iron in the obtained 

coarse-grained product was removed into magnetically attractable 

materials, to thereby separate magnetically attractable 

materials and non-magnetically attractable materials from each 15 

other. 

[0083] 

<Wet sorting> 

Next, the obtained non-magnetically attractable materials 

were subjected to the wet sorting step. 20 

First, a jig sorter (FIG. 3): having a storied structure 

(with a total height of 150 mm) of six enclosures each having a 

regular-hexagonal cross-sectional shape, a diagonal length of 

110 mm along a line passing the center of the regular hexagonal 

shape, and a height of 25 mm; and including a sieve having a 25 

mesh size of 600 μm at the bottom surface was installed in a 15 

L bucket.  Then, the non-magnetically attractable materials (135 



56

g) were put into the jig sorter.  Here, while the jig sorter was 

lifted upward by 100 mm from the bottom of the bucket, water (13 

L) serving as a shaking liquid was added until the water surface 

reached the boundary line between the fourth story and the fifth 

story.  As a result, the jig sorter got filled with the non-5 

magnetically attractable materials to a height above the third 

story. 

As illustrated in FIG. 3, the side surfaces (storages 21) 

of the wet jig sorter used in Example 1 were formed of a 

transparent material, and it was possible to watch the internal 10 

state from the outside by visual observation. 

[0084] 

Next, the wet jig sorter was shaken (vibrated) upward and 

downward (in the gravity direction) three hundred times at a 

speed of 50 mm/s at a width of fluctuation of 50 mm (the time 15 

needed for one upward-and-downward move (one go-and-return) was 

about 2 seconds).  During shaking, care was taken so that the 

water surface would go to and return from between about the 

boundary line between the fourth story and the fifth story and 

below the top surface of the sixth story and the shaking liquid 20 

would not overflow from the top of the jig sorter. 

After shaking, any floating substances on the water surface 

were scooped and removed, and then the jig sorter was taken out 

from the bucket.  The top 25-mm width of the non-magnetically 

attractable materials on the sieve was confirmed to have a 25 

copper brown color by visual observation.  Hence, it was 

recovered with a medicine spoon as a copper concentrate (light 
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product), and its grade was evaluated. 

[0085] 

The product discharged together with the water through the 

sieve at the bottom of the wet jig sorter during shaking 

(vibration) (i.e., the product that passed through the 600-μm 5 

meshes at the bottom) was recovered as the shaking liquid. 

[0086] 

<Evaluation> 

The grade of the light product was evaluated in the manner 

described below.  The weight of the light product was measured 10 

with an electromagnetic balance (product name: GX-8K, obtained 

from A&D Company, Limited).  Subsequently, the light product was 

heated and dissolved in aqua regia (obtained from FUJIFILM Wako 

Pure Chemical Corporation), and analyzed by an inductively 

coupled high-frequency plasma emission spectrometer (ICAP6300, 15 

obtained from Thermo Fisher Scientific K.K.), to obtain the 

content percentage (grade) of each element.  The grade in the 

non-magnetically attractable materials (feed) was evaluated in 

the same manner.  The results are presented in Table 1. 

[0087] 20 

(Comparative Example 1) 

A valuable substance was recovered from a lithium ion 

secondary battery pack in the same manner as in Example 1 except 

that an air table (dry specific gravity sorting) was applied to 

the non-magnetically attractable materials instead of jig 25 

sorting (wet sorting), to recover a copper concentrate as a 

light product.  The grade of the obtained light product was 
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evaluated in the same manner as in Example 1. 

The results of the above test are presented in Table 1. 

[0088] 

Table 1 

Grade (%) Cu Al Fe Co Ni Mn Li C F
Non-magnetically

 attractable  

materials (feed)

67.6 17.7 0.0 1.0 1.6 1.1 1.2 7.7 1.6 

Light product of

 Ex. 1 
95.5 0.4 0.0 0.0 0.1 0.1 0.1 3.2 0.0 

Light product of

 Comp. Ex. 1 
68.2 8.0 0.0 2.8 4.0 3.2 1.7 10.6 1.5 

[0089] 5 

As presented in Table 1, the copper grade in the light 

product of Example 1 could be improved to about 96% from the 

copper (Cu) grade of about 68% in the non-magnetically 

attractable materials (feed). 

As regards aluminum (Al), the aluminum grade in the light 10 

product was reduced to 0.4% from the aluminum grade of 17.7% in 

the non-magnetically attractable materials (feed).  Judging from 

this, it is considered that lump-shaped Al derived from the 

exterior case could be separated as the heavy product, and 

aluminum derived from the embrittled and finely grained positive 15 

electrode current collector Al foil was finely grained by 

vibration during the wet sorting and by contact with other 

components and could be separated into the shaking liquid. 

Moreover, parts of cobalt (Co), nickel (Ni), and manganese 

(Mn) that failed to be removed through the classification and 20 

the magnetic force sorting were contained in the non-

magnetically attractable materials (feed) by from 1.0% through 

1.6%, whereas the Co, Ni, and Mn grades in the light product of 
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Example 1 could all be reduced to 0.2% or lower. 

In addition, in Example 1, lithium (Li) and fluorine (F) 

could be leached and separated into the shaking liquid by the 

wet sorting.  Therefore, a Li grade of 0.2% or lower and a F 

grade of 0.2% or lower could be obtained. 5 

Moreover, as regards carbon (C), the C grade in the light 

product of Example 1 could be reduced to 3.2% from the carbon 

grade of 7.7% in the non-magnetically attractable materials 

(feed).  This is considered attributable to having separated 

carbon into the supernatant liquid. 10 

[0090] 

On the other hand, in Comparative Example 1, the fine 

grains of aluminum oxide mentioned above were recovered into the 

light product. Co, Ni, Mn, and carbon were also concentrated in 

the light product. 15 

Moreover, lithium and fluorine could not be removed from 

the light product because of the dry specific gravity sorting. 

Reference Signs List 

[0091] 20 

A: arrow indicating a vibration direction 

W: water 

10: liquid storing container  

20: sorting unit 

21: storage 25 

22: sieving unit (net-shaped object) 

30: non-magnetically attractable materials 
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31: carbon 

32: heavy product 

33: light product
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CLAIMS 

[Claim 1] 

A method for recovering a valuable substance from a lithium 

ion secondary battery, the method comprising: 

a thermal treatment step of thermally treating a lithium 5 

ion secondary battery containing aluminum, carbon, and a copper 

foil as constituting materials; and 

a wet sorting step of applying an external force to a 

thermally treated product obtained in the thermal treatment step 

in the presence of a liquid, to sort the thermally treated 10 

product into a heavy product and a light product containing 

copper, characterized in that 

the light product obtained by sorting in the wet sorting 

step has a copper grade of 90% or higher, a carbon grade of 5% 

15 or lower, and a fluorine grade of 0.2% or lower. 15 

[Claim 2] 

The method for recovering a valuable substance from a 

lithium ion secondary battery according to claim 1, further 

comprising: 

a classifying step of classifying the thermally treated 20 

product obtained in the thermal treatment step at a 

classification point of from 0.6 mm through 2.4 mm, 

wherein a coarse-grained product thus obtained at a coarse 

side is subjected to the wet sorting step. 

[Claim 3] 25 

The method for recovering a valuable substance from a 

lithium ion secondary battery according to claim 1 or 2, 
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wherein in the wet sorting step, the thermally treated 

product or the coarse-grained product is placed on a net-shaped 

object, and vibration is applied to the net-shaped object or the 

liquid, to sort materials constituting the thermally treated 

product or the coarse-grained product into the heavy product and 5 

the light product containing copper. 

[Claim 4] 

The method for recovering a valuable substance from a 

lithium ion secondary battery according to claim 3, 

wherein in the wet sorting step, the vibration applied to 10 

the net-shaped object or the liquid is in a vertical direction. 

[Claim 5] 

The method for recovering a valuable substance from a 

lithium ion secondary battery according to claim 3 or 4, 

wherein in the wet sorting step, a vibration speed at which 15 

the vibration is applied to the net-shaped object or the liquid 

is from 1 mm/s through 1,000 mm/s, and a time needed for the 

vibration to make one go-and-return is from 0.1 seconds through 

5 seconds. 

[Claim 6] 20 

The method for recovering a valuable substance from a 

lithium ion secondary battery according to any one of claim 3 to 

5, 

wherein a mesh size of the net-shaped object is from 0.1 mm 

through 50 mm. 25 

[Claim 7] 

The method for recovering a valuable substance from a 
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lithium ion secondary battery according to any one of claim 1 to 

6, 

wherein the lithium ion secondary battery contains 

fluorine. 

[Claim 8] 5 

The method for recovering a valuable substance from a 

lithium ion secondary battery according to any one of claims 1 

to 7, 

wherein the light product obtained by sorting in the wet 

sorting step has an aluminum grade of 1% or lower. 10 

[Claim 9] 

The method for recovering a valuable substance from a 

lithium ion secondary battery according to any one of claims 2 

to 8, further comprising: 

a pulverizing step of pulverizing the thermally treated 15 

product obtained in the thermal treatment step, 

wherein a pulverized product thus obtained is subjected to 

the classifying step. 

[Claim 10] 

The method for recovering a valuable substance from a 20 

lithium ion secondary battery according to any one of claims 2 

to 9, further comprising: 

a magnetic force sorting step of sorting the thermally 

treated product obtained in the thermal treatment step or the 

coarse-grained product obtained at the coarse side in the 25 

classifying step by a magnetic force, 

wherein the coarse-grained product from which a 
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magnetically attractable material is removed is subjected to the 

wet sorting step. 

[Claim 11] 

The method for recovering a valuable substance from a 

lithium ion secondary battery according to any one of claims 1 5 

to 10, 

wherein a thermal treatment temperature in the thermal 

treatment step is 660°C or higher and 1,100°C or lower. 

[Claim 12] 

The method for recovering a valuable substance from a 10 

lithium ion secondary battery according to any one of claims 1 

to 11, 

wherein the wet sorting step is performed using a jig 

sorter. 


